In A comparison of the two extracts showed significant differences in their organoleptic and chemical properties. With more brown color, S1 tasted much bitterer than S2. Meanwhile, S1 gave less contents of free amino acids, higher TBA values and a smaller ratio of polyunsaturated fatty acids to the total ones.
INTRODUCTION
It is well known that a relatively small portion of the fish resources are being directly consumed by human. Since many of the so-called fish wastes are nutritious, efforts should be made to upgrade their utilization as human food. 1, 2) We have studied about effective utilization of processing wastes from frigate mackerel Auxis rochei. caught off Kochi Prefecture. For the lipid,3) we reported seasonal variations in lipid content and fatty acid composition of frigate mackerel, For the protein, 4) we applied autolysis by directly using their endogenous proteases to solublize and recover amino acids from proteins in the head and viscera of frigate mackerel immediately after processing the fish and reported that autolytic extract from fish wastes had umami taste and can be used in seasoning though it had weak bitterness and unpleasant aftertaste . In addition, the bitterness and brown discoloration of the extract were enhanced by shakine durine autolvsis .
Therfore, the objectives of this paper are to elucidate why bitterness and brown discoloration was enhanced by shaking and to find out whether the bitemess of the extract was caused by peptides or other components. Sensory evaluation was conducted according to the method of paired comparison of Scheffe7) by using a five-point rating scale. RESULTS 
MATERIALS AND METHODS

AND DISCUSSION
Effect of lipid oxidation on bitterness formation and loss of free amino acids in the autolytic extract Tablel shows the nitrogen content and amino acid composition of extracts prepared after autolysis with and without shakina(S1,S2).
Taking the unshaken sample S2 as a control, free amino acids decreased significantly in the shaken sample S1. But the Ex-N and peptides almost kept constant regardless of shaking or not.
As for the taste of extract, S 1 had much stronger bitterness and bad aftertaste than S2. In addition, S 1 had much more brown color than S2. This result confirms that the bitterness and brown discoloration were enhanced by shaking during autolysis.
About the brown discoloration in fish products, many researchers have considered that it is mainly caused by two reactions; i. e. the browning derived from autoxidized oil and/or from the Maillard reaction.7-11) In order to know if such differences between two samples were related to lipid oxidation, TBA values and fatty acid compositions were investigated. It was found that the shaken sample S 1 gave much higher TBA values than that without shaking, although no difference was observed in Ex-N. (Fig.1 ) About their fatty acid compositions(Table2), before autolysis, the most major fatty acid was 22:6n 3(DHA). After autolysis with shaking, the polyunsaturated fatty acids such as 20:5n-3(EPA) and DHA decreased about 50%/o. But in the sample without shaking, the fatty acid composition was just the same In order to prevent lipid oxidation, nitrogen gas was used to replace the air in the head-viscera mixture before autolysis and examine its influence on tastes and other parameters of the extracts. Table 3 shows the effects of N2 on amino acid composition and TBA values. Compared with the unshaken samlpe(S2), free amino acids in the shaken samlpe(S1) decreased with an increase in TBA values. However, in the presence of N2(S3) during autolysis, the content of free amino acids in S3 showed the same level as in S2. This result indicates that lipid oxidation might be responsible for the decrease in the free amino acids of the extract. Furthermore, the shaking sample SI had much more bitterness and brown color than that without shaking. However, no differences were found in the bitterness and the color between S2 Table 2 . Fatty Acid Composition of Lipids from Fish Head and Viscera before and after Autolysis *1: The lipids were extracted from the residues of the autoly after centrifugation, according to Bligh and Dyer (1959) . and S3. These results indicate that lipid oxidation enhanced the bitterness and brown discoloration of the shaken extract. In order to find out whether the bitter taste was caused by bitter peptides or not, separation of bitter fraction from the autolytic extract was carried out Two kinds of extracts from autolyzates prepared with and without shaking were treated with n-butanol, respectively. The butanol and water phases were collected separately and their solvents were evaporated under reduced pressure. Residues from the water and butanol phases were redissolved in distilled water and subjected to sensory evaluation.
The water fraction of both shaken and unshaken extracts showed no bitterness . On the other hand, the butanol fraction of both shaken and unshaken extracts showed strong bitterness . This result indicates that bitter components in autolytic extracts were relatively more hydrophobic than other taste components and were fully extracted into the butanol fraction. For a further separation , the butanol fraction of both shaken and unshaken was subjected to gel filtration Figure 2 shows the gel filtration patterns of butanol fraction from shaken and unshaken extract on a Sephadex G-15 column . Between two samples, no Absorbance at 570 am was measured after effluents were subjected to ninbydrin reaction differences were observed in the ninhydrin reaction pattern. However, remarkable differences were found in the absorbance at 280 run. After the gel-filtration, seven fractions were pooled for sensory test. Strong bitterness was found in F3 of shaken sample. However, no bitterness was detected in the same fraction of unshaken sample though both F4 had weak bitterness. These results suggest that the bitter taste enhanced by shaking might be different from that without shaking. In addition, the bitterness might not be caused by the ninhydrin positive substances. For a confirmation of the assumption, their amino acid composition was measured. Table 4 shows the amino acid composition of F3 and F4. It was found that almost all amino acids were free phenylalanine and tyrosine in F3 and F4, respectively. Their peptides were very few. Phenylalanine is known as bitter amino acid. However, its concentration in the bitter F3 was much less than that in the nonbitter F3.
In addition, it was also much less than the threshold value of bitterness.
These results suggest that the amino acids or peptides had no relationship with the bitterness. Usuki and Kaneda12) have pointed out that a dimer isolated from the oxidized oils of soybean had a bitter taste. Miwa13) has separated pungent components from frozen sea urchin gonad and identified them as many kinds of carbonyl components, decomposition products of unsaturated fatty acids originated from the oxidized lipids and the common constituent of acetal lipids in the urchin gonad. Murata et al l4) have reported that the bitter taste of fresh urchin gonad is not caused by amino acids or peptides. Substances other than ninhydrin positive substances such as lipid oxidation products might contribute to the bitter taste of the shaken extract. From all results obtained above, we concluded that lipid oxidation contributed to the enhancement of the bitter taste and the brown discoloration of the extract and the bitter taste of autolytic extract was presumably not caused by bitter amino acids or peptides.
